Introduction
Nondiscrimination clauses, also known as most-favored-customer clauses, make a seller's best terms available to all buyers. These clauses, which are frequently found in both final-goods and intermediate-goods markets, allegedly provide the seller with a commitment device not to lower price to future buyers. Well-known examples in the literature are Cooper (1986) and Butz (1990) .
1 Cooper (1986) shows that nondiscrimination clauses can dampen competition over time by inducing less aggressive pricing on the part of a firm's rivals. Butz (1990) shows that nondiscrimination clauses can solve the well-known time inconsistency problem with durable goods. In both models, nondiscrimination clauses commit the seller to its initial price; if the seller were to offer better terms to a later buyer, all previous buyers would request the same treatment, and the seller's attempt to lower price selectively would be defeated.
However, the notion that previous buyers would automatically request the same treatment if a later buyer were to receive better terms (e.g., a lower average price) has been challenged by McAfee and Schwartz (1994) in the case of intermediate-goods markets. They show that nondiscrimination clauses may be ineffective in committing a seller to its initial sales contract when the buyers' payoffs are interdependent and contracts have multiple terms. Although the buyers in these markets would all prefer to have the favored buyer's lower marginal price, each might prefer to operate under its own sales contract rather than accept the rest of the favored buyer's terms.
This insight has potentially far-reaching implications for theory and public policy because it is well known that when an upstream seller can make take-it-or-leave-it offers to multiple downstream buyers in sequence, the upstream firm may have an incentive to engage in opportunistic behavior by offering one set of contract terms to the first downstream firm, waiting for the firm to incur sunk costs, and then offering another set of contract terms with a lower wholesale price to a rival downstream firm.
Although one might think that the upstream firm can guard against this kind of opportunism by offering nondiscrimination clauses to its buyers, McAfee and Schwartz's insight appears to suggest otherwise. They conclude (1994, p.222) "We began by illustrating the opportunism problem in a game with sequential contracting. We then modified that game to incorporate nondiscrimination (most-favored-customer)
clauses, and we showed that they do not generally restore the commitment solution, even in symmetric environments. This inability of nondiscrimination clauses to curb opportunism in multilateral vertical contracting is our most novel result."
We show in this comment that McAfee and Schwartz made a mistake in solving their sequential contracting game. McAfee and Schwartz proved that, even if the upstream seller offers a nondiscrimination clause, there cannot be an equilibrium in which the efficient contract (i.e., the contract that maximizes overall joint profit) is offered to each firm and nondiscrimination clauses are not invoked. They interpret this as implying that nondiscrimination clauses do not prevent opportunism. However, they did not consider whether equilibria exist in which overall joint profit is maximized and nondiscrimination clauses are invoked. Our contribution is to show that this indeed occurs in equilibrium: given two downstream firms, the first downstream firm is offered an inefficient contract, but then (along the equilibrium path) invokes its nondiscrimination clause to obtain the efficient contract offered to its rival. 
Model and opportunism problem
Suppose an upstream monopolist sells an input to two potential downstream firms that in turn use the input to produce substitute products. The monopolist offers its supply terms on a take-it-or-leave-it basis. Denote the monopolist's offer to firm i as the pair (r i , f i ), where r i is the wholesale price of the input and f i is the fixed fee.
The monopolist produces at constant marginal cost z ≥ 0 and has no fixed cost.
The monopolist makes an offer to firm 1. Firm 1 either accepts or rejects its offer. The monopolist then makes an offer to firm 2. Firm 2 either accepts or rejects its offer. We assume firm 2 observes firm 1's offer and decision before making its own decision. If a firm rejects its offer, the firm exits the market and earns zero.
If a firm accepts its offer, the firm commits to paying its fixed fee regardless of the product market outcome. 3 After both firms make their accept-or-reject decisions, all offers and decisions are observed. Firms that have accepted offers order inputs and participate in the product market under the terms of their accepted contracts.
We assume the product market equilibrium is unique for any (r 1 , r 2 ) in which both firms are active, with firm i's equilibrium flow payoff given by π i (r 1 , r 2 ). For r i sufficiently large, firm i's flow payoff is zero. Otherwise, if both firms are active,
we assume π i is decreasing in r i and increasing in r j for i 6 = j, so that a firm's flow payoff is decreasing in its own wholesale price and increasing in the wholesale price of its competitor. We also assume that the cross-partial derivative of π i is negative,
which implies that firm i's flow payoff is less sensitive to a decrease in its own wholesale price (does not increase as much) the lower is the wholesale price of its competitor. Let q i (r 1 , r 2 ) be firm i's equilibrium input demand as a function of the wholesale prices. Then the monopolist's flow payoff is P n i=1 (r i − z)q i (r 1 , r 2 ) and, if both firms are active, the overall joint payoff of the monopolist and downstream firms is
Let u i (r 1 , r 2 ) be the joint payoff of the monopolist and firm i ignoring f j ,
3 We follow McAfee and Schwartz in assuming that a firm cannot back out of its contract if it subsequently suspects opportunism. Thus, we assume the fixed fee is sunk. Another way of modeling the seller's opportunism problem is to assume that the firms incur non-contractible, relationshipspecific investments that are sunk at the time of contracting. As we showed in an earlier version of this paper, Marx and Shaffer (2001) , our qualitative results are the same in both cases. 4 Intuitively, a firm benefits from a decrease in its own wholesale price in proportion to how much it produces. In many standard models of competition, the lower is a competitor's wholesale price, the lower is a firm's output, and therefore the lower is a firm's gain from a decrease in its wholesale price.
Then it follows that
for all r 1 , r 2 such that both firms are active.
We assume that Π(r 1 , r 2 ) and u i (r 1 , r 2 ) are twice differentiable, concave in r i , and have the property that own-price effects dominate cross-price effects, i.e.,¯∂
We also assume that the firms' flow payoffs are symmetric, i.e., given (r 1 will be wary of accepting its offer because it stands to lose in the event of opportunism. The problem is that firm 1 must agree to its contract terms before knowing firm 2's offer. This creates an incentive for seller opportunism. In the absence of a commitment not to act opportunistically against firm 1, the monopolist's incentive is to choose (r 2 , f 2 ) so as to shift flow profit away from firm 1 and towards firm 2.
To see this, letr 2 (r 1 ; f 1 ) be a wholesale price that maximizes the bilateral joint payoff of the monopolist and firm 2 given firm 1's wholesale price and fixed fee, i.e.,
It follows from our assumptions on u 2 (r 1 , r) thatr 2 (r * ; f * ) < r * , implying that the monopolist and firm 2 gain by lowering firm 2's wholesale price below r * . The monopolist captures this gain by charging firm 2 a higher fixed fee:
This implies that it cannot be an equilibrium for the monopolist to offer the contract (r * , f * ) to both downstream firms, because it can earn higher payoff by lowering 5 Symmetry allows us to drop the subscript on π when all firms have a common wholesale price. Our assumptions imply that Π(r, r) is concave and thus arg max r≥0 Π(r, r) is unique. firm 2's wholesale price (to shift rents) and raising its fixed fee. Ultimately, however, the monopolist loses because, in equilibrium, firm 1 will anticipate the monopolist's incentive for opportunism and adjust its accept or reject decision accordingly. 
Nondiscrimination game
One might think the monopolist can guard against opportunism by offering firm 1 a nondiscrimination clause that allows it to replace its initially accepted contract with any other contract offered to and accepted by firm 2 prior to competing in the product market. The implicit assumption is that firm 1 would be willing to accept the terms (r * , f * ) and a nondiscrimination clause because if its rival were to receive better terms, it could invoke its nondiscrimination clause and be no worse off.
However, McAfee and Schwartz (1994) show that nondiscrimination clauses do not necessarily prevent opportunism in this case. To understand where the above reasoning goes wrong, suppose firm 1 accepts the terms (r * , f * ) and a nondiscrimination clause, and the monopolist offers to firm 2 the same opportunistic wholesale price and fixed fee as before, (r 2 (r * ; f * ),f 2 ). Recall thatr 2 (r * ; f * ) < r * andf 2 > f * .
In this case, if firm 1 does not invoke its nondiscrimination clause, its payoff is
and if firm 1 does invoke its nondiscrimination clause, its payoff is
where π 1 (r 2 (r * ; f * ), r * ) = π 2 (r * ,r 2 (r * ; f * )) by symmetry. Although firm 1's payoff is negative in both cases, firm 1 will not invoke its nondiscrimination clause because its payoff in (4) is strictly lower. Intuitively, firm 1 will not invoke its nondiscrimination clause to obtain firm 2's lower wholesale price because it would have to pay firm 2's higher fixed fee, which more than offsets the gain from a lower wholesale price.
Since the cross-partial derivative of π 1 is negative, a given reduction in marginal cost (r * −r 2 (r * ; f * )) is worth less to firm 1 once firm 2 has acceptedr 2 (r * ; f * ) than it is to firm 2 if firm 1 retains wholesale price r * . Thus, iff 2 − f * fully extracts firm 2's gain from the deviation tor 2 (r * ; f * ), then firm 1 prefers to retain contract (r * , f * ).
The conditions in (3) and (4) imply that firm 1 will reject any contract in which it is offered (r * , f * ) and a nondiscrimination clause. It would thus appear that the commitment solution in which both firms operate under (r * , f * ) cannot be obtained, and indeed McAfee and Schwartz conclude from all this that nondiscrimination clauses will generally be ineffective in curbing opportunism. Unfortunately, their reasoning turns out to be incorrect in the game they consider. The flaw in the logic is in not recognizing that equilibria may exist in which nondiscrimination clauses are invoked.
We now show that the joint-payoff maximizing outcome can be obtained in every subgame-perfect equilibrium, and thus that nondiscrimination clauses do indeed solve the seller's opportunism problem in the game of sequential contracting.
Let W 1 ≡ {(r 1 , f 1 ) | r 1 ≥ 0, f 1 = π 1 (r 1 , ∞)} be the set of wholesale prices and fixed fees for firm 1 such that firm 1 just breaks even if it were a monopolist in the downstream market, and consider whether there is an equilibrium in which the monopolist offers (r 0 1 , f 0 1 ) ∈ W 1 and a nondiscrimination clause to firm 1, and then offers contract (r * , f * ) to firm 2.
Given these contracts, we begin by showing that if firm 2 accepts (r * , f * ), then firm 1 will invoke its nondiscrimination clause and switch to this contract. The reason is straightforward: by construction of (r ) and a nondiscrimination clause, provided it is optimal for the monopolist to offer (r * , f * ) to firm 2. Note also that this same logic implies that firm 2 accepts (r * , f * ) if offered, even if r 0 is quite low, because it can count on firm 1's switching to (r * , f * ).
We now show that there exist combinations (r 0 1 , f 0 1 ) ∈ W 1 for which the monopolist prefers to offer (r * , f * ) to firm 2-and therefore also to firm 1 via the nondiscrimination clause-than by offering firm 2 any opportunistic contract (r 2 , f 2 ) that would cause firm 1 to retain its contract (r
That is, we show that the monopolist does not want to offer a contract to firm 2 such that firm 1 does not invoke its nondiscrimination clause. Suppose it did. Then the monopolist maximizes its payoff by choosing (r 2 , f 2 ) such that f 2 extracts firm 2's surplus, i.e., f 2 = π 2 (r 0 1 , r 2 ), and r 2 solves
subject to the constraint that firm 1 does not invoke its nondiscrimination clause,
If there is no interior solution to the program in (5)-(6), then the monopolist maximizes its payoff subject to firm 1's not invoking its nondiscrimination clause by not selling to firm 2. In this case, the monopolist has higher payoff with contract (r * , f * ).
If an interior solution r 0 2 exists, then the maximum payoff of the monopolist is
This payoff represents the best the monopolist can do if it attempts to act opportunistically against firm 1. In contrast, the maximum payoff of the monopolist if it does not act opportunistically but instead offers (r * , f * ) to firm 2 is u 2 (r * , r * ) + f * = Π(r * , r * ).
Of these two payoffs, the latter payoff is greater if and only if
that is, if and only if the gain in overall joint payoff if the monopolist does not act opportunistically against firm 1 is greater than the maximum rent it can shift from firm 1 if it does act opportunistically. Because there exists (r 1 , f 1 ) ∈ W 1 such that (7) is satisfied, e.g., r 1 sufficiently high that f 0 1 = π 1 (r 0 1 , ∞) is close to zero, it follows that overall joint payoff is maximized in every subgame-perfect equilibrium.
Proposition 1 When nondiscrimination clauses are feasible, the seller obtains the joint-payoff-maximizing outcome in every subgame-perfect equilibrium.
Proof. The proof that there exists an equilibrium in which overall joint payoff is maximized and the monopolist has payoff Π(r * , r * ) is contained in the text. To see that overall joint payoff is maximized in every subgame-perfect equilibrium outcome, suppose that a different outcome can be achieved. If the monopolist has payoff greater than Π(r * , r * ), then at least one firm has negative payoff and can profitably deviate by rejecting its contract, a contradiction. If the monopolist has payoff m < Π(r * , r * ), then the monopolist can profitably deviate by offering contract (r 1 , f 1 ) = (∞, −ε/2) with a nondiscrimination clause to firm 1 and contract (r 2 , f 2 ) = (r * , f * −ε/2) to firm 2, where ε ∈ (0, Π(r * , r * ) − m) . Both firms have a strict incentive to participate, and firm 1 has a strict incentive to invoke its nondiscrimination clause. The monopolist's payoff is Π(r * , r * ) − ε > m, a contradiction. Q.E.D.
Instead of offering firm 1 the terms (r * , f * ) and a nondiscrimination clause, the monopolist obtains the joint-payoff-maximizing outcome by offering firm 1 the terms ) are such that firm 1 invokes its nondiscrimination clause along the equilibrium path. Then, when the monopolist offers a contract to firm 2, it chooses (r * , f * ) and maximizes overall joint payoff because it knows that it is effectively offering this same contract to both firms.
The intuition for Proposition 1 has two parts. First, the role of the initial contract offer to firm 1 is to eliminate the monopolist's incentive to engage in opportunism by offering firm 2 a discriminatory discount that does not cause firm 1 to invoke its nondiscrimination clause. For example, a contract offer with r 1 sufficiently high eliminates the monopolist's incentive to engage in opportunism because then there is little or no rent to shift away from firm 1. A high wholesale price ensures that firm 1's flow payoff is small, and a fixed fee close to zero ensures that firm 1 incurs little sunk cost. This implies that any deviation from the terms (r * , f * ) to firm 2 such that firm 1 does not invoke its nondiscrimination clause results in a discrete loss in overall joint payoff with little or no compensating gain. Second, the role of the nondiscrimination clause is to eliminate the loss to the monopolist of offering terms to firm 1 that are suboptimal when both firms are operating in the market because the monopolist knows that firm 1 will switch to firm 2's contract.
This result suggests a new role for nondiscrimination clauses. Previously, nondiscrimination clauses have been thought of as providing the commitment that prevents a seller from engaging in opportunism. However, our result suggests that it is the terms (r 1 , f 1 ) of the contract offer to firm 1 that provide this commitment, and that nondiscrimination clauses make this feasible because they allow the first buyer to operate under the second buyer's terms. In other words, nondiscrimination clauses work because they allow a seller to commit to its final rather than initial sales contract.
Conclusion
McAfee and Schwartz (1994) show in their game of sequential contracting that there is no equilibrium in which the efficient contract is offered to firm 1 and nondiscrimination clauses are not invoked. They interpret this result to mean that nondiscrimination clauses are ineffective in curbing the seller's opportunism. In contrast, we show that there are equilibria in which an inefficient contract is offered to firm 1, the efficient contract is offered to firm 2, and firm 1 switches to this contract. The intuition is that if firm 1's initial wholesale price is high enough, then the potential gains from opportunism are small because firm 1's initial divertable profit is small, so the monopolist is better off maximizing overall joint profit (by inducing both firms to operate under the efficient contract). Thus, we find that nondiscrimination clauses are effective in curbing opportunism in the game considered by McAfee and Schwartz, and that overall joint payoff is maximized in every subgame-perfect equilibrium.
